Histochemical analysis of the fiber types in the jaw muscles of a turtle; Mauremys (Clemmys) japonica provides information on the role of each muscle during a feeding cycle, and also the correlation of jaw movement. Previous histochemical analyses in the jaw muscles of a turtle have utilized reactions and staining techniques for myosin-ATPase, SDH, mitochondrial Ca-ATPase, Sudan black B, oc-GPDH and PAS to characterize muscle fiber types for contraction speed (Padykula and Herman, 1955) , oxidative capacities (Novikoff et al., 1961) , glycolytic activity (Wattenberg and Leong, 1960) and respiratory capacities (Gauthier and Padykula, 1966) . Histochemical profiles of fiber types in jaw muscles of mammals (Suzuki, 1977 ; Clark and Luschei, 1981; Rowlerson et al., 1983; Taylor et al., 1973; Lindman et al., 1986) , alligators (Sato et al., 1992) , and a lizards (Throckmorton and Saubert, 1982) have provided information about contraction speed and metabolic properties in these animals. Histochemical properties of individual jaw muscles, however, remain unknown. Histochemical analysis of the fiber types in the jaw muscles of turtle (Mauremys (Clemmys) japonica) provides information on the role of each muscle during a feeding cycle.
The purpose of this study is to describe the histochemical properties of enzymes in the turtle jaw muscles and to clarify the functions during a feeding cycle.
Materials and Methods
Jaw muscles (Fig. 1 ) of six adults of turtle (Mauremys (Clemmys) japonica) were used for this study. Whole jaw muscles were cut transversely which rapidly removed into OCT compound (Tissue-Tek) and frozen in liquid nitrogen. Serial cross sections (about 101.1m) were cut in a cryostat at-20'C, and air dried. Each section was incubated for Ca-activated adenosine triphosphatase at pH 9.4 (Padykula and Herman, 1955) , after preincubation at various pH levels (pH 9.4, 5.0, 4.7, 4.5 or 4.3), for succinic dehydrogenase (SDH) activity (Novikoff et al., 1961) , and for Ca-adenosine triphosphatase (mitochondrial Ca-ATPase) activity (Fujimoto and Ogawa, 1982) , Sudan black B stain (Gauthier and Padykula, 1966) and glycerophosphate dehydrogenase (a-GPDH) (Pearse, 1972) , and periodic acid-Schiff reaction (PAS) were used to demonstrate the types of jaw muscle fibers. According to system of Putnam et al., (1980) , fibers were classified into four types, as fast twitch glycolytic (FG), fast twitch oxidative glycolytic (FOG), slow twitch oxidative (SO) fibers, and tonic fibers. All muscles fibers were used for calculating the percentages of types.
The area (gm) of cross sections of muscle fibers (about 50 muscle fibers and all tonic fibers) was measured randomly at the selected locations (Fig. 2) . Seven jaw muscles from turtle were examined by the previous Correspondence to Dr. Iwao SATO, Department of Anatomy, Nippon Dental University, School of Dentistry at Tokyo, 1-9-20 , Fujimi, Chiyoda-ku, Tokyo 102, Japan methods.
Results

Histochemical observations
Staining methods of Ca-activated adenosine triphosphatase at pH 9.4 after preincubation at various pH levels (pH 9.4, 5.0, 4.7, 4.5 or 4.3), succinic dehydrogenase (SDH) activity, Sudan black B stain, glycerophosphate dehydrogenase (a-GPDH), and periodic acidSchiff reaction (PAS) were demonstrated various reactions in each fiber type of each masticatory muscle (Table 1 ). For oxidative capacities (Novikoff et al., 1961) , the classification of muscle fibers with respect to succinic dehydrogenase (SDH) activity, and Sudan black B staining, are very high in red fibers of whole jaw muscles (Fig. 2) . The reactions are present in mitochondria, which appear as small spots and identify two types of red fibers in all cells stained by these two techniques. The reaction for SDH activity is very weak in the white fibers, which are likewise divided into large and small types. For contraction speed (Padykula and Herman, 1955) , the classification of muscle fibers with respect to myosin ATPase is based on their staining properties after alkaline and acid preincubations in one group (A group) of muscles, the MAMP, MI, MPta, and MPtp of Mauremys (Clemmys) japonica (MCJ) in contrast to other jaw muscles.
Glycolysin-associated capacities
The classification of muscle fibers with respect glycolysins is based on the staining properties of a-GPDH, PAS, SDH and myosin ATPase after alkaline preincubations at pH 9.4. They are classified as FOG, FG, SO and tonic fibers. In one group (A group) of muscles, the MAMP, MI, MPta, and MPtp of the MCJ, the FG fibers show a strong reaction for myosin ATPase at pH 9.4, moderate reaction for oc-GPDH and PAS. A few tonic fibers in these muscles, are unreactive for myosin ATPase after preincubation at pH 9.4, have a moderate reaction for SDH and weak reactions for a-GPDH and PAS (Fig. 2) . In another muscle group (B group), Type 1 fibers in these muscles are unreactive for myosin ATPase after preincubation at pH 9.4, show a weak reaction for PAS and oc-GPDH, but a strong reaction for SDH which are only similar to the SO fibers. Type 2 fibers are unreactive for myosin ATPase after preincubation at pH 9.4 in contrast, SO fibers, however show moderate reactions for PAS and oc-GPDH, but a weak reaction for SDH. Fibers classified as type 3 are unreactive for myosin ATPase after preincubation at pH 9.4, show a strong reaction for SDH, and a moderate to weak reaction for PAS and a-GPDH. Type 4 fibers in these muscles are unreactive for myosin ATPase after preincubation at pH 9.4, show a weak reaction for SDH, PAS and a-GPDH (Fig. 3) .
Proportions of muscle fiber types (Table 2) In the A group, the SO fibers in the MAMP (ca., 77.3%), MI (ca., 56.6%), MPta (ca., 83.6%), and MPtp (ca., 68.0%) are present in higher percentage than for the other types. The tonic fibers constitute the lowest percentage in the MAMP (ca., 0.3%), MI (ca., 3.9%), and MPtp (ca., 1.0%), the highest percentage of SO fibers (65.5%).
In the B group, in the MDM and MAME, the highest percentage of type 6 fibers (ca., MDM, 89.2%; MAME, Abbreviations (see Fig. 1 ) Fig. 1) 85.4%) are found in contrast to that of others which constitute the lowest percentage (Table 3) .
Muscle fiber size in each types (Fig. 4) In the A group, the tonic fibers in the MAMP (ca. 3,000 lam2) and MPtp (ca. 2,000 gm2) are present in the largest size in contrast to that of others which constitute small size below 1,500 gm2.
In the B group, the larger size in type 5 fibers of the MDM and MAME which constitute small size below 1,500 _tm2, are found in contrast to that of other muscles. The MAME of all fiber types is the smallest of all. In contrast, the investigators have classified muscle fibers of hindlimb muscles ) and limb muscles as FG, FOG, and tonic fibers in lizard. Throckmorton and Saubert (1982) reported that there were various muscle fiber types of jaw muscles in lizard with respect to the metabolic activities. Sato et al. (1992) also reported various fiber types of jaw muscles in alligator by the classifications using previous histochemical methods in contrast to that of mammals (Maxell et a!., 1977 , 1979 Ringqvist, 1973 Ringqvist, , 1974 Ringqvist et al., 1977; Schiaffino, 1974) . In our histochemical results, there are four fiber types as the A group of the MCJ in jaw muscles (FG, FOG, SO and tonic fiber types) which correspond to that of previous fiber types in the alligator (Sato et al., 1992) . Especially, "tonic" muscle fibers of jaw muscles in a turtle, however, very low percentage compositions, closely resemble to those of tonic fibers of the limb muscles in the lizard (Glesson et al., 1980) , in avian skeletal muscle (Talesara and Goldspink, 1978; George, 1985, 1986; Suzuki et al., 1985; Hikida, 1987; Suzuki, 1990; Matthews et al., 1990) , and in frog skeletal muscle (Engel and Irwin, 1967) . On the other hand, B group of the MCJ were classified into 6 fiber types which are difficult to identifled fiber types undergo previous histochemical methods. Type 3 muscle fibers stain well for SDH and Sudan black B and weakly intense for a-GPDH and PAS, and they do not stain myosin ATPase at pH 9.4. They resemble to SO fibers in mammals as classified by Putnam et al. (1980) , and which show low percentage values in the MAME of the MCJ. Type 4 muscle fibers stain intense for a-GPDH and PAS and weakly SDH and Sudan black B, and they do not stain myosin ATPase at pH 9.4. Such fibers somewhat resemble tonic fiber of limb muscle as classified by Glesson et al. (1980) and also resemble type 1 muscle fiber of jaw muscle in the lizard (Throckmorton and Saubert, 1982) . Type 6 fibers of the MDM and MAME of the MCJ stain only weakly for SDH and Sudan black B and do not stain myosin ATPase at pH 9.4. Such fibers somewhat resemble to those of type in jaw muscles as distinguished by Throckmorton and Saubert (1982) and resemble the type 1 muscle fibers of alligator jaw muscles (Sato et al., 1992) which stain intense for a-GPDH and with PAS. They show very high percentage in the MDM and MAME of the MCJ. But, type 5 and type 1 muscle fibers have not simply referenced to resemblance classification for previous histochemical results (Brooke and Kaiser, 1970; Peter et al., 1972; Putnam et al., 1980; Maxell et al., 1979; Rowlerson et al., 1983) .
These results indicate that there are major differences in the functional characteristics of jaw muscles in the MCJ. Differences in fiber composition among each jaw muscles reflect the differing functions and they play an important role to feeding cycle, and may be suggested that the differentiates between herbivorous and omnivorous habits. 
